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Next generation secondary batteries

The continuously growing demand for LIBs calls for improved cell technologies able to satisfy different energy requirement

The Strategic Energy Technology Plan (SET Plan) and cell generation classification:

There is plenty of room for innovative
cell technologies: energy density is
only one of the KPIs. Market
diversification and different application
requirements accelerate the research
toward alternative chemistries:
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https://ec.europa.eu/enerqy/content/reporting-methodologies en
https://setis.ec.europa.eu/sites/default/files/set _plan batteries implementation plan.pdf

JRC-EU Competitiveness in Advanced Li lon Batteries for E-Mobility and Stationary Storage Applications — Opportunities and Actions, 2017.



https://ec.europa.eu/energy/content/reporting-methodologies_en
https://setis.ec.europa.eu/sites/default/files/set_plan_batteries_implementation_plan.pdf

Next generation secondary batteries: SIBs
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https://energy.ec.europa.eu/publications-new/roadmap-new-and-emerging-technologies en



https://energy.ec.europa.eu/publications-new/roadmap-new-and-emerging-technologies_en

Comparing Li and Na-ion cells

Extrapolating full-cell performance metrics from academic literature reporting half-cell performance

(c) Weight of the various cell components, per cm?, for a selection of
Li-ion and Na-ion cells, calculated for an areal capacity of 3 mA h cm™

I. Hasa et al. Journal of Power Sources 482 (2021) 228872



Next generation secondary batteries: SIBs

SIBs manufacturer: the game changers

https://faradion.co.uk/
https://faradion.co.uk/reliance-new-
energy-solar-to-acquire-faradion-limited/

http://www.tiamat-energy.com/

https://www.hinabattery.com/en/

https://WWW.CatI.Com/en/neWS/GGS.html https://natron_energv/



http://www.tiamat-energy.com/
https://www.catl.com/en/news/665.html
https://natron.energy/
https://www.hinabattery.com/en/
https://faradion.co.uk/
https://faradion.co.uk/reliance-new-energy-solar-to-acquire-faradion-limited/

SIBs Applications

https://faradion.co.uk/applications/stationary-energy-storage/



https://faradion.co.uk/applications/stationary-energy-storage/

SIBs Applications

https://cicenergiqune.com/en/blog/sodium-battery-perfect-sustainable-complement-lithium-batteries



https://cicenergigune.com/en/blog/sodium-battery-perfect-sustainable-complement-lithium-batteries

SIBs Applications

https://faradion.co.uk/applications/stationary-energy-storage/



https://faradion.co.uk/applications/stationary-energy-storage/

Toward commercial SIBs

The Scale-up and Commercialization of SIBs using Layered oxide cathodes

Demonstrations in prototype cells:
HiNa (China) using Na,Cu, , ,Fe, Mn,0, as the positive electrode active material
Faradion (UK) using O3 or P2—-03 mixed phases of Na,Ni,, , ,Mg,Mn Ti,O,

a) Second cycle voltage profile and corresponding differential capacity
. . profile; b) The cells were cycled at +C/3 and +C/2 at 30 °C. The cells
Faradion Na-ion cell. were cycled between voltage limits of 1.0 and 4.3 V at 30 °C.

http://www.hinabattery.com/en/
https://www.faradion.co.uk/
Adv. Energy Mater. 2018, 8, 1702869



http://www.hinabattery.com/en/
https://www.faradion.co.uk/

Toward commercial SIBs

Optimized hard carbon//Na,V,(PO,),F,
18650 full cell (75 Wh kg) at 1C. 80% of initial capacity after 4000 cycles

http://www.tiamat-energy.com/

Advantages of NVP and NVPF:

*  Robust positive electrode materials for power-type NIBs, with
energy densities of ca. 400 and 500 Wh. Kg™.

*  Moisture stability when stored in air

*  Thermal stability in the charged state of the battery

Disadvantages on NVP and NVPF:

* Rather low gravimetric capacity

* Chemical composition: vanadium is a critical and highly toxic element (in its
V>* oxidation state). Its replacement by environmentally friendly elements

1. Hasa et al Journal of Power Sources 482 (2021) 228872 (such as Fe, Mn) remains another challenge, as recent trials were

https://news.cnrs.fr/articles/a-battery-revolution-in-motion demonstrated to be unsuccessful.



Positive electrode materials: Prussian blue analogues

https://www.altris.se/fennac/

PBAs are cyano-coordination compounds with general formula
AxM [M’(CN)6]1-y.zH20 where
* A =alkali metal;
e M, M’ =transition metal ion
* y=fraction of vacancies in the crystal structure

Three-dimensional framework with open channels for rapid
alkali metal conduction. By careful tuning of the transition
metal ion, the redox Potential changes and it is possible to

use these compounds both as anodes and cathodes

https://natron.energy/

A maximum of ~2e- can be exchanged with PBAs using both M and M’ as redox active metal ions.

Example: Na,FeFe(CN), . .
High power Na-ion cells:
2Na* insertion was reported for the stoichiometric composition

. capacity of ~170 mah g CATHODE: mixed metal hexacyanoferrate
> e el veliEga o . Y v i ANODE: manganese hexacyanomanganate

The presence of vacancies was found to limit the sodium ion storage capacity.

I. Hasa et al. Journal of Power Sources 482 (2021) 228872



Toward commercial SIBs

https://natron.energy/wpcontent/uploads/natron collateral clarios press release 050422.pdf



https://natron.energy/wpcontent/uploads/natron_collateral_clarios_press_release_050422.pdf

Toward commercial SIBs

Work performed at Sharp Laboratories of America Inc. and later at Novasis Energies Inc. generated a
sodium cell employing a Prussian blue positive electrode and a HC negative electrode

Scale-up of Prussian blue analogue material synthesis
from 1 g per batch to 100 kg per batch: precipitation reaction conducted
at low temperature is used for their preparation without the need for
high temperature calcination

Novasis pouch cell

room temperature

pilot line scale with a roll-to-roll fabrication ~140 mAh g at an average cell voltage of 3.4V
Adv. Energy Mater. 2018, 8, 1702869 specific energy of ~520 Wh Kg, a value close to that of LiFePO, in LIBs



SIMBA cell development

4= T4.1 Development of baseline cell

The baseline cell will constitute the baseline performance against which the solid state cell will be compared.
Full cell of testing will be performed for the materials involved at coin cell level. The final pouch cell will be
evaluated in terms of electrochemical performance and forensics.

Partners: Altris, Elkem, KIT Role of Partners:
Altris: Supply of Prussian White
cathode material;

Elkem: Supply of hard carbon

anode material. _

KIT: Electrochemical testing at Cathode: Na, ,Fe[Fe(CN)],.mH,0 Altris technology
Karlsruher Institut fur Technologie CO'n Ce” Ievel" AnOde: Hard Ca rbon

WMG: Processing of baseline Electrolyte: Liquid.

pouch cell and associated testing
and forensics.




SIMBA cell development

1= T4.1 Development of baseline cell Task leader: WMG

Cathode: Na, ,Fe[Fe(CN)g],.mH,0 Altris technology.
Anode: Hard Carbon
Electrolyte: Liquid
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Sodium-ion cell manufacturing steps

Battery Scale Up facility at Energy
innovation Centre (WMG)

SIBs are a drop in technology! Current manufacturing facilities can be employed!



Conclusions and remarks

SIBs are a drop-in alternative for current LIB technology and applications and
giga-factories designed to produce LIB’s can be easily replaced with NIB’s.

SIBs may be fabricated using the same manufacturing methods and cell formats
as LIBs.

Improved sustainability. There is no requirement for resource limited elements
such as Li, Co, Ni or Cu in either the cell chemistry or cell infrastructure.
Aqueous processing of electrodes in line with SIB philosophy.

Improved safety/abuse characteristics including safer storage and transportation
(i.e., 0 V storage capability).

Supply chains for most precursors and cell components are already established.

Improved temperature range and performance.

https://cicenergiqune.com/en/blog/sodium-battery-perfect-sustainable-complement-lithium-batteries

https:

faradion.co.uk/a
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https://faradion.co.uk/applications/stationary-energy-storage/
https://cicenergigune.com/en/blog/sodium-battery-perfect-sustainable-complement-lithium-batteries

